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ORJQRUPDO/ ORJ0JDPPD DQG ORJ0QHJDWLYH LQYHUWHG
JDPPD VFHQDULRV LQ PXOWLIUDFWDO SURGXFWV RI
VWRFKDVWLF SURFHVVHV
Y1 Y1 DQK DQG Q1 Q1 OHRQHQNR
Devwudfw1 Wklv sdshu suhvhqwv wkh orjqrupdo/ orj0jdppd dqg orj0qhjdwlyh lqyhuwhg
jdppd vfhqdulrv lq olplw wkhruhpv iru pxowliudfwdo surgxfwv ri vwrfkdvwlf surfhvvhv zlwk
orqj0udqjh ghshqghqfh1
41 Lqwurgxfwlrq
Pxowliudfwdo surfhvvhv kdyh ehhq irxqg xvhixo lq pdq| dssolfdwlrqv1 Kduwh ^6` dqg Ulhgl
^44` frqwdlq dq h{whqvlyh eleolrjudsk| ri wkh vxemhfw1 Pdq| pxowliudfwdo prghov zhuh qrw
ghvljqhg wr fryhu lpsruwdqw ihdwxuhv vxfk dv ghshqghqfh vwuxfwxuh ru d qdwxudo irup ri
wkh vlqjxodulw| vshfwuxp +Ulhgl ^44`,1 Mddug ^9` vkrzhg wkdw Oìy| surfhvvhv +h{fhsw
Eurzqldq prwlrq dqg Srlvvrq surfhvvhv, duh pxowliudfwdo> exw wkhvh surfhvvhv kdyh d
olqhdu vlqjxodulw| vshfwuxp zkloh uhdo gdwd riwhq h{klelw d vwulfwo| frqfdyh vshfwuxp1
Lq wklv sdshu/ zh frqvlghu pxowliudfwdo surgxfwv ri vwrfkdvwlf surfhvvhv dv ghqhg
lq Ndkdqh ^:` dqg Pdqqhuvdor hw do1 ^<`/ exw zh surylgh d qhz lqwhusuhwdwlrq ri wkh
frqglwlrqv rq wkh phdq/ yduldqfh dqg fryduldqfh ixqfwlrqv ri wkh uhvxowlqj fxpxodwlyh
surfhvvhv lq whupv ri wkh prphqw jhqhudwlqj ixqfwlrqv1 Iru wkh fdvhv ri qrupdo/ jdppd
dqg qhjdwlyh lqyhuwhg jdppd glvwulexwlrqv/ zh frqvwuxfw orjqrupdo/ orj0jdppd dqg orj0
qhjdwlyh lqyhuwhg jdppd vfhqdulrv zlwk qrq0wulyldo vlqjxodulw| vshfwud1 Wkhvh uhvxowv
pdnh xvh ri vrph dqdo|wlfdo surshuwlhv ri vdpsoh ixqfwlrqv ri vwrfkdvwlf surfhvvhv +vhh
Leudjlpry dqg Nkdvplqvnll ^7`,1 Rxu h{srvlwlrq uholhv rq vrph nh| uhvxowv ri Pdqqhuvdor
hw do1 ^<` rq pxowliudfwdo surgxfwv ri vwrfkdvwlf surfhvvhv> exw rxu ghyhorsphqw lv jhduhg
wrzdugv glhuhqw dssolfdwlrqv vxfk dv wkrvh vfhqdulrv flwhg deryh1
51 Pxowliudfwdo surgxfwv ri vwrfkdvwlf surfhvvhv
Wklv vhfwlrq uhfdswxuhv vrph edvlf uhvxowv rq pxowliudfwdo surgxfwv ri vwrfkdvwlf surfhvvhv
dv rewdlqhg e| Ndkdqh ^:` dqg Pdqqhuvdor hw do1 ^<`1 Zh surylgh vrph qhz lqwhusuh0
wdwlrq ri wkhlu frqglwlrqv edvhg rq wkh prphqw jhqhudwlqj ixqfwlrqv/ zklfk lv xvhixo iru
rxu h{srvlwlrq1
Zh lqwurgxfh wkh iroorzlqj frqglwlrqv=
D  1 Ohw \   Ew> w 5 df> o> l ' > 2> = = = eh d vhtxhqfh ri lqghshqghqw/ vwulfwo| vwdwlrqdu|/
srvlwlyh vwrfkdvwlf surfhvvhv vxfk wkdw/ iru doo w> w  > w  5 df> o dqg l ' f> > 2> = = =/ wkh
Gdwh= 46 Vhswhpehu 533:1
4<<4 Pdwkhpdwlfv Vxemhfw Fodvvlfdwlrq1 Sulpdu| 93J4;> Vhfrqgdu| 93H3:1
Nh| zrugv dqg skudvhv1 Pxowliudfwdo surgxfwv> orqj0udqjh ghshqghqfh> vlqjxodulw| vshfwuxp1
Sduwldoo| vxssruwhg e| wkh Dxvwudoldq Uhvhdufk Frxqflo judqw GS36788::/ wkh Qdwlrqdo Vflhqfh Irxq0
gdwlrq judqw GPV0374:9:9/ wkh QDWR judqw SVW1FOJ1<:9694 dqg wkh HSVUF judqw UFPW44<1
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PXOWLIUDFWDO SURGXFWV RI VWRFKDVWLF SURFHVVHV 6
Uhpdun 5141 Wkh pxowliudfwdo irupdolvp lq wkh fodvvlfdo wkhru| ri udqgrp fdvfdghv fdq
eh xqghuvwrrg lq wkh vhqvh wkdw wkh Ohjhqguh wudqvirup ri wkh Uìq|l ixqfwlrqOW E{ '4?
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Ndkdqh ^:` suryhg wkdw wkh vhtxhqfh ri udqgrp phdvxuhv 

frqyhujhv zhdno| doprvw
vxuho| wr d udqgrp phdvxuh 1 Pruhryhu/ jlyhq d qlwh ru frxqwdeoh idplo| ri Eruho
vhwv E  rq df> o/ zh kdyh *4 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li D 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 Ew $ DEw lq O fi iru hdfk jlyhq w ru
D  E frqyhujhv wr f doprvw vxuho|1 Wkh fdvhv duh fdoohg qrq0ghjhqhudwh dqg ghjhqhudwh/
uhvshfwlyho|1 Pdqqhuvdor hw do1 ^<` suhvhqwhg wkh frqglwlrqv iru O  0frqyhujhqfh dqg vfdolqj
ri prphqwv1 Wkhvh uhvxowv fdq eh vxppdul}hg lq wkh iroorzlqj vwdwhphqw1
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+7, li D lv qrq0ghjhqhudwh/ DE 5 O fi > t A  dqg \ lv dv lq +6,/ wkhq wkh Uìq|l
ixqfwlrq lv jlyhq e|
W Et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+8, li D lv qrq0ghjhqhudwh/ DE 5 O  / wkhq YduDEw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Uhpdun 5151 Wkh vwdwhphqw +6, phdqv wkdw wkh lqfuhphqwv ri wkh surfhvv DEw> w 5 df> o
zlwk vwdwlrqdu| lqfuhphqwv ehkdyh dv
*L} , dDEwn    DEwo fi  NEt *L}   n F fi
iru d zlgh udqjh ri uhvroxwlrqv   zlwk d qrqolqhdu ixqfwlrq
NEt ' t  *L}  ,\ fi Ew ' t  *L}  P  Et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zkhuh F fi lv d frqvwdqw1 Lq rwkhu zrugv/ wkh odujh0ghyldwlrq edvhg vlqjxodulw| vshfwuxp/
ihdwxuhg lq wkh pxowliudfwdo irupdolvp/ lv qrq0wulyldo1 Wklv odz lv w|slfdo lq pdq| dssol0
fdwlrqv1
61 Orjqrupdo vfhqdulr
Wkh orjqrupdo k|srwkhvlv ri Nroprjrury ^;` ihdwxuhv surplqhqwo| lq wxuexohqw fdv0
fdghv1 Lq wklv vhfwlrq/ zh surylgh d uhodwhg prgho/ qdpho| wkh orjqrupdo vfhqdulr/ iru
pxowliudfwdo surgxfwv ri vwrfkdvwlf surfhvvhv1 Lq idfw/ wklv orjqrupdo vfhqdulr kdv lwv
ruljlq lq Ndkdqh ^:`1 Zh uhirupxodwh Wkhruhp 514 iru wklv vshfldo fdvh lq rughu wr kdyh
d suhflvh vfdolqj odz iru wkh prphqwv1
E  = Frqvlghu d prwkhu surfhvv ri wkh irup
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Xvlqj Wkhruhp 514/ zh rewdlq
Wkhruhp 6141 Vxssrvh wkdw frqglwlrq E  krogv zlwk wkh fruuhodwlrq ixqfwlrq
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PXOWLIUDFWDO SURGXFWV RI VWRFKDVWLF SURFHVVHV 8
frqyhujh lq O  wr wkh vwrfkdvwlf surfhvv DEw> w 5 df> o dv q$4 vxfk wkdw/ iru t A f>
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D surri ri Wkhruhp 614 lv jlyhq lq Vhfwlrq 91 Zh lqwhusuhw wkh lqhtxdolw| +617, dv d
irup ri orqj0udqjh ghshqghqfh ri wkh olplw surfhvv1
71 Orj0jdppd vfhqdulr
Lq wkh wkhru| ri wxuexohqfh dqg pxowlsolfdwlyh fdvfdghv/ wkh orj0jdppd vfhqdulr lv
nqrzq dv dq dowhuqdwlyh wr wkh orjqrupdo vfhqdulr +vhh ^45` iru ghwdlov dqg glvfxvvlrq,1
Lq wklv vhfwlrq/ zh sursrvh d vwdwlrqdu| yhuvlrq ri wkh orj0jdppd vfhqdulr1
Zh zloo xvh d vshfldo frqvwuxfwlrq ri wkh jdppd0fruuhodwhg vwrfkdvwlf surfhvv [Ew>
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rxu suhvhqw sxusrvh/ zh qhhg wr h{whqg wklv frqvwuxfwlrq lq rughu wr kdyh wzr sdudphwhuv
 A f dqg  A f/ zkloh lq wkh deryh phqwlrqhg sdshuv wkh sdudphwhu  ' 1 Zh zloo
glvfxvv wklv frqvwuxfwlrq eulh | +vhh Dqk dqg Ohrqhqnr ^4` iru pruh ghwdlov,1
Dffruglqj wr wklv frqvwuxfwlrq/ wkhuh h{lvwv d vwdwlrqdu| vwrfkdvwlf surfhvv [Ew> w 5
df> o zlwk jlyhq pdujlqdo ghqvlw|
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